The use of CFRP to reinforce open-hole steel plate is common in the civil engineering. The mechanical properties of the open-hole plates and reinforced plates in tension is fundamental and have not been fully understood. The study was designed to study the effect of the CFRP reinforcement layer on the test specimens of 3mm thick open-hole steel plates and 6mm thick open-hole steel plates. It is found that the reinforced specimens are failed by the steel-adhesive interface and the rupture of CFRP. It is also found that as the number of CFRP layers increases, the limit load capacity of the specimen is increased linearly, and the limit displacement of the specimen decreases linearly.
Introduction
Open-hole details are widely used in tensile steel members for structural connection. However, the presence of the hole can weaken the cross section area, cause the stress concentration around the hole, and results in the decrease of the static and fatigue properties of the component. The reinforcement design of the open-hole plates is a key problem in engineering application.
It is a good method to adhesively bond carbon fiber reinforced polymer (CFRP) strips and the deficiency area of the structural components for the purpose of enhancing the loading-carrying capacity, by which its carrying capacity effectively improved [1] . Compared with the traditional methods of steel strengthening, the CFRP strip has a large elastic modulus, high tensile strength and good fatigue performance, making it suitable in the reinforcement of open-hole plates. Moreover, the shape of the CFRP strips is easy to be clipped according to the requirement of actual reinforcement design.
There are many researches on the reinforcement of the damaged steel plate, which found the CFRP could improve the tensile mechanical properties of the steel plate, and the analysis model of CFRP and steel plate joint working is also proposed. The steel plate reinforced by Carbon fiber reinforced can work well before yielding, and CFRP has little effect on the stiffness of steel plate, and the yield load of steel was improved obviously, after yielding, carbon fiber cloth is gradually broken degumming due to the lag of strain growth, and degumming degree and position the ultimate bearing capacity has a significant impact, so the performance of structural adhesive on reinforcing steel plate plays an important role. The experiment results of FRP-steel plate which wrapped by the CFRP show that the steel plate has a good second-stability with the increase of the number of CFRP layers. Bocciarelli and Colombi research the factors of the bound failure between steel and CFRP with the method of simulation, analytic solution and experiment, and recommended when using CFRP to reinforce steel plate, it should adopt CFRP cloth structural adhesive high fracture energy and high axial stiffness [2] .
The study of the reinforcement of CFRP on pored steel plate is extremely difficult. The way on drilling the steel plate such as punching [3] , oxygen plasma cutting and laser cutting [4] , have different effects on the joints strength, ductility and fatigue performance of elements of structure. In addition, different reinforcement design is adopted by scholars.
Zhang et al. set up with a semicircle hole on both sides of the specimen, and simulated the defects of the steel member, The results showed that the effect of CFRP on the yield strength of the member is obvious (16% or more) [5] . Perluigi Colombi et al. studied the effect of CFRP plate on the repair and reinforcement of the perforated steel plate. The strain plate was used to test and analyze the working state of CFRP plate and steel plate in each loading stage [6] Although in recent years, scholars have done some research on the perforated plate CFRP, but the further analysis is also needed to explain some issues: 1) coordination principle of the CFRP cloth and steel plate on the pored CFRP-steel plate; 2) the effect on the tensile properties of the pored steel plate which is reinforced with unilateral CFRP and bilateral CFRP cloth.
In this paper, the effect of 1-2 layer CFRP cloth on 6mm thick pored steel plate and of 1-3 layer CFRP cloth on 6mm thick pored steel plate has been tested.
Experimental procedures 2.1 Configuration of test specimens
A number of 14 test specimens were prepared with different number of the layers of CFRP. The basic size and type of the test specimens is shown in fig.1 . The length and the width of the specimens were designed as 300 mm and 30 mm respectively for all tests. Two kinds of thickness were chosen for the test specimens: 3mm thick steel plates and 6mm thick steel plates. The holes on the test specimens were 12mm in diameter and were cut using a standard laser cutter. The length and the width of the CFRP strips was cut to 200 mm and 30mm using a scissors. Moreover, there was a hole in the middle of the CFRP strips with the same diameter size of the steel plate.
The surface of steel plate was firstly grounded with coarse sandpaper by hand to remove rust and secondly grounded with fine sandpaper to make the shiny surface of the metal was exposed over the area for strengthening. The surface of the steel plate was wiped using cotton cloth soaked in acetone to remove grease and dust. The aim of the above surface preparation is to reduce the possibility of unexpected premature bond failure between steel and CFRP. The adhesive was mixed in according to the specifications suggested by the product and then applied over the surface with CFRP. The extra adhesive was squeezed out from the edge of the CFRP and was removed with caution to avoid the influence of the bond condition. After the preparation of CFRP strips, all the test specimens were cured for 14 days under room temperature. 
Test setup
The test was operated through a Shimadzu AG-100kNXplus STD universal testing machine of 10kN capacity. The test setup is shown in fig.2 . The loading rate applied during the test was 0.02 mm per second and the machine was set to record data 100 times per second, all specimens were loaded until failure. The tensile deformation over hole region was measured by fixing a SSG50-10 extensometer with 50 mm gauge length. 
Test material and specimen index
The steel plates of 3mm thickness and 6mm thickness were correspond to the Chinese national standard GB/T700 [7] and GB/T1591 [8] respectively. Measured stress-strain curve by the standard test method are shown in fig.3 . High performance carbon fibre UT70-30 with the thickness of 0.167 mm produced by Toray Industries, Inc. was employed. The values of the elastic modulus of the steel and carbon fibre are taken in accordance with the manufacturer's specifications. The Sikadur-330 structural adhesive is one of the high strength epoxy resin adhesive, it is mainly used for the fabric reinforcement. It is a two part thixotropic epoxy and its mechanical index are taken in accordance with the manufacturer's specifications. The test matrix is summarized in Table 2 , which includes the index number together with the geometric parameters. These parameters were defined as: the thickness (S) of the steel plate, the number (CD) of CFRP layers. As an example in Table 2 , the index of 'S6-CD3L' can be taken as a specimen with 6 mm thick steel plate reinforced with triple layer CFRP. Figure 4 , the failure modes of the test specimens can be divided into 4 categories. Mode 1: the steel fracture at the minimum cross-section accompanied by necking phenomenon. Mode II: both the steel plate and the CFRP strips were failed by fracture nearly at the minimum net cross-sectional area through the edge of the hole. In fact, the centre of the hole carry out the maximum tensile stress in the whole specimen, so mode II is the type that steel and CFRP completely rupture at the maximum tensile stress region. Mode II Sometimes accompanied by the longitudinal splitting and local debonding of CFRP from the maximum stress location at the edge of the hole. Mode III: specimens were failed by the debonding between the steel plate and the CFRP layers prior to the facture of the steel plate. Because the strength of the steel-adhesive interface becomes relatively lower than that of the CFRP and its interface with adhesive. Mode II Sometimes accompanied by local adhesive remnant in longitudinal direction. Mode Ⅳ: the specimens failed by fracture at the unreinforced position.
The failure process of mode II is that: after the elastic stage of the steel plate, the steel is yield and CFRP still subjected to part of the load. With the rapid increase of the deformation, CFRP strips will rupture and the load decrease rapidly. The specimen will lost load bearing capacity until the fracture of the steel plate. Before reaching the peak load, local debonding or CFRP fracture may occur at the edge of the hole. In mode II, the bonding strength between the steel plate and the CFRP strips is sufficient, so the steel plate and the CFRP bear the load together and were finally destroyed in the same section at the minimum section area of specimens.
The failure process of pattern III is that: the steel is yield after the elastic stage, resulting in relative displacement between steel plate and CFRP, and then CFRP began to degumming from both ends to the middle. With the degumming of CFRP, the load of CFRP is getting smaller and smaller. The specimen will lost load bearing capacity until the fracture of the steel plate. 
Parameter variation analysis 3.2.1 Effect of the number of CFRP layers
With the increase of the number of CFRP layers, the stiffness of CFRP layer increases gradually. By comparing the failure modes in Table 2 , we can see that with the increase of the number of CFRP layers, the failure type of S6 changes from Ⅰto Ⅲ. It shows that with the increase of CFRP layer, the bond destruction between the CFRP layer and the steel plate occurs gradually, and the bonding strength of the structural adhesive has an impact on the bearing capacity of the specimen. The steel plate of the S3 is relatively thin, when reinforced by 1 layer of CFRP cloth, the debonding failure of mode III would occur. When there were 2 layer of CFRP cloth on the surface of steel plate, failures occurred on the unreinforced parts.
As Figure 5 shows, with the increase of the number of CFRP layers, the ultimate strength of the specimen increases, but the ultimate displacement decreases. In order to study the change trend of ultimate strength and ultimate displacement, S6-C0 and S3-C0 were used as the basis to calculate the strength coefficient 'K' and displacement coefficient ' D'. Figure 6 shows that for 3mm thick steel and 6mm thick steel specimens, with the increase in the number of CRP layers, the ultimate load growth can be seen as a linear growth. In addition, the displacement of the reinforced specimen decreases with the increase of the number of CFRP layers, and the decreasing trend of the 1 layer CFRP is the largest, with the layers of CFRP increasing from 2 to 3, the decreasing trend is shrinking. 
Effect of the thickness of steel plates
The reinforcement of CFRP to the steel plate has a significant effect on increasing the ultimate bearing capacity and reducing the limit displacement. Table 2 shows, CFRP enhanced greatly the limit load of 3mm thick pored plate greater enhancement, the ultimate load of 1 layers increased by 31%t than those of unreinforced specimens, 2 layers of CFRP reinforcement increased the ultimate load of specimens by 51%.
When the 6mm steel plate is reinforced by CFRP, the 1 layer CFRP increased the ultimate load of the specimen by 18% compared with unreinforced specimen, and the ultimate load of the 1 layer CFRP reinforced steel plate increased by about 24% compared with unreinforced specimen. In addition, the 3mm thick pored steel plate reinforced by 2 layers CFRP, has damage on the unreinforced parts, which shows that the strength of the strengthened steel plate is stronger than that of the unreinforced one.
Conclusion
The effect of 1-2 layer CFRP cloth on 6mm thick pored steel plate and of 1-3layer CFRP cloth on 6mm thick pored steel plate has been tested. The following conclusions can be drawn from the present investigation:
(1)There are four kinds of failure modes of the pored steel plate, and the failure occurs by the bond destruction between the steel plate and the CFRP or the fracture of CFRP appear.
(2)The ultimate strength of the specimens increases linearly with the increase of the number of CFRP layers, and the ultimate displacement decreases linearly. (3)The reinforcement of CFRP on the steel plate has a significant effect on increasing the ultimate strength and reducing the ultimate displacement of the specimens, but there is a difference between the steel plates with different thickness.
